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白 1 和 3，此外，可被程序性坏死的特异性抑制剂 Nec-1 所阻断。近年来发现诱
导细胞程序性坏死在治疗肿瘤耐药方面具有巨大潜能。 







剂 Nec-1 抑制，而不能被泛 caspase 抑制剂 z-VAD-fmk 抑制；通过 RNA 干扰沉
默程序性坏死关键蛋白 RIP3 蛋白的表达，发现敲低 RIP3 能够逆转苦参碱诱导
的胆管癌细胞死亡方式由程序性坏死转向凋亡；蛋白免疫印迹结果显示苦参碱能
够上调 RIP3 的蛋白表达水平；免疫荧光结果显示苦参碱诱导 RIP3 下游底物蛋
白 MLKL 发生膜转位，Nec-1 可以抑制 MLKL 的转膜现象，流式细胞仪检测结
果发现 MLKL 特异性抑制剂 NSA 能够明显抑制苦参碱诱导的细胞死亡；
DCFH-DA 探针处理发现苦参碱处理后的细胞内 ROS 浓度明显升高，Nec-1 和
NSA 能够不同程度的抑制苦参碱诱导的 ROS 的释放，ROS 的清除剂 NAC 可以
明显抑制苦参碱诱导的细胞死亡。另外，我们还发现苦参碱能够选择性的诱导其




















































Cholangiocarcinoma is a malignant tumor originated from biliary epithelial cells. 
The morbidity and mortality in China is increasing year by year. Resistance to 
apoptosis remains one of the most challenges in chemotherapy of cholangiocarcinoma. 
Searching for new agent inducing non-apoptotic cell death could be useful to treat 
cholangiocarcinoma. Matrine has multiple pathways and multiple mechanisms of 
antitumor effect. It has been reported that matrine can induce apoptosis in a variety of 
tumor cells. However, the biological roles and underlying mechanism of matrine in 
cholangiocarcinoma is largely unknown. Necroptosis is a programmed cell death 
regulated by genes action. It has typical morphological features of necrosis cells and 
indepent receptor interacting protein 1 and 3. In addition, it can be blocked by specific 
inhibitors Nec-1. In recent years, researches have found matrine induces tumor cells 
necroptosis and has great value to resist apoptosis resistance.  
The aim of the present study is to explor the antitumor activity of matrine and its 
molecular mechanism in cholangiocarcinoma cells, providing new perspectives for 
cholangiocarcinoma therapy. Our study showed that matrine can induce QBC939 and 
Mz-ChA-1 cells death in a dose dependent manner. DAPI staining can’t detect the 
morphological changes of apoptotic cell’s nucleus. The necrosis phenotype of 
QBC939 and Mz-ChA-1 cells were observed by transmission electron microscopy, in 
which matrine treated cells presented swollen organelle, cellular structure vacuolation, 
losing of plasma membrane integrity and intact nuclear. The specific necroptosis 
inhibitor necrotatin-1(Nec-1), but not classical apoptosis inhibitor z-VAD-fmk, can 
inhibit matrine induced cell death in QBC939 and Mz-ChA-1 cells. We used RNA 
interference to knock down QBC939 and Mz-ChA-1 cells’ endogenous RIP3 protein 
expression, and found that down regulation of RIP3 can switch matrine induced cell 
death from necroptosis to apoptotis. The western blot indicated that matrine can 
up-regulate RIP3 expression level. And the immuno fluorescence results showed that 
















The specific MLKL inhibitor NSA, can inhibit matrine induced cell death in QBC939 
and Mz-ChA-1 cells. We used DCFH-DA probe to treat cells and found that matrine 
induced cell death accompanied ROS accumulation, necroptosis inhibitor Nec-1 and 
NSA can inhibit matrine induced ROS release and anti-oxidant NAC can inhibit 
matrine induced cell death. Moreover, we found matrine also can induce RIP3 
dependent necroptosis in other tumor cells and necroptosis inductor TSZ can't induce 
Mz-ChA-1 cells necroptosis. 
Thus, for the first time, our research found matrine can induce RIP3 dependent 
necroptosis in cholangiocarcinoma cells and demonstrated that this process mainly 
regulated by increased RIP3 expression and it downstream signaling dependent 
MLKL membrane translocation and ROS accumulation. We also found that matrine 
has more broad and sensitive ability to induce tumor cells necroptosis compared to 
TSZ. This is the first report indicated that matrine is a new natural necroptosis 
inductor, which may play an important role in clinical tumor drug resistence. 
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程序性死亡(programmed cell death, PCD)是机体生长发育过程中的一项关键
细胞机制，在多细胞生物体的生长发育和维持机体内环境稳态方面起着至关重要
的作用，广泛参与机体的生理及病理过程 [7]。细胞死亡系统命名委员会(The 








































1.2.2 程序性坏死  
细胞坏死曾被普遍认为是一种细胞在外界强烈的物理化学条件下的被动的
死亡方式，与细胞凋亡不同，细胞死亡时细胞膜破裂，细胞内容物大量外泄并引



































可通过其中包含的同型作用结构域(RIP homotypic interaction motif,RHIM)与
RIP3 相互结合诱导细胞程序性坏死；氨基端是特异的丝氨酸/苏氨酸激酶结构域，
是介导程序性坏死的关键结构域[18, 19]。RIP1 最初被发现在激活 NF-κB 信号通路
中有重要作用而被广泛研究，在此过程中RIP1赖氨酸 63发生泛素化作用是关键。
当 RIP1 去泛素化时 NF-κB 通路被阻断，细胞选择走向凋亡或程序性坏死，所以
RIP1 的泛素化状态决定细胞是存活还是死亡[20]。敲除 RIP1 基因的小鼠会在出生
后的 3 天内死亡，在小鼠的淋巴细胞和脂肪组织中检测到了大量凋亡细胞[21] ，
表明 RIP1 也参与了细胞凋亡调控。后续研究发现 RIP1 在程序性坏死发生过程
中也起着重要的调控作用，主要依赖于其 N 末端的丝氨酸/苏氨酸激酶活性。RIP1
的激酶活性对于诱导程序性坏死也是必须的，小分子抑制剂 Nec-1 就是通过靶向
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